Siegmund et al. (1), Hendershot and Forsaith (2) and Vander Wende and Margolin (3) first described a syndrome, commonly referred to as "writhing", which was induced in rodents by the intraperitoneal injection of various chemical agents.
Collier et al. (4) have recently reported experiments on the abilities of various sub stances, including some occurring in tissues and causing pain in man, to induce abdominal construction in mice.
Many investigators have described the non-specificity of the writhing syndrome, this phenomenon being blocked or antagonized by non-narcotic, and narcotic antago nists as well as narcotic analgesics. The inhibition of drug-induced writhing in mice has been proposed as a screening test for analgesics (1, 2, 5-7), although non-analgesic drugs also inhibit writhing (2, 8, 9) .
In the present experiments, intraperitoneal injection of the diazonium compound, 4 (or 5)-diazoimidazole-5 (or 4)-carboxamide had a profound effect on body temper ature and induced the writhing syndrome. Both the severe hypothermia and writhing following its inejction could be ameliorated with analgesics.
The mechanism on these effect are discussed.
MATERIALS AND METHODS
For experiments on body temperature, adult male Sprague-Dawley rats weighing 150-230 g were used and kept in separate cages. The animals were kept in a thermosta tically controlled room at 22±10C for at least 24 hours before experiments. Diets were removed 12 hours before experiments and water was removed during experiments. Ani mals with a mean temperature of less 37.5°C were not used. The rectal temperature was measured at 30 or 60 minute intervals with a probe thermometer inserted 4 cm into the rectum and as a rule data are represented as the mean temperature of 7 to 10 animals.
Analgesics were injected subcutaneously into rats 30 minutes before, or at the same time as Diazo-ICA or related compounds. For the writhing test, male ddO strain mice, weighing 18 to 20 g, were used and injected with the agents intraperitoneally.
Each mouse was confined in a beaker and observed for 15-20 minutes after the injection. The total number of writhes made by each mouse during this period was counted. Six mice were injected subcutaneously with graded doses of analgesic and 20 minutes later the mice were injected with Diazo-ICA.
All compounds used were dissolved in pyrogen free 0.9% NaCI solution except reserpine and phenylquinone.
Reserpine solution was prepared by dissolving 2.5 ml of propylene glycol in 2.5 ml of ethanol and adding 15 ml of water. Phenylquinone solution in 10% ethanol was prepared immediately before use.
Reserpine was given in a dose of 3 mg/kg s.c. 48 hours before administration of Diazo ICA.
Propirum fumarate was kindly supplied from Bayer Yakuhin Co. Ltd. and d (N, N-dimethyl)-1, 2-diphenylamine HCl from Santen Pharmacentical Co. Ltd.
RESULTS
E ffect of Diazo-ICA on the rectal temperature of rats Intraperitoneal injection of 4 (or 5)-diazoimidazole-5 (or 4)-carboxamide (Diazo ICA) caused a reduction in the body temperature and the writhing response. This syndrome was characterized by repeated contractions of the abdominal wall, twisting of the trunk and extention of the limbs, being similar to that induced by phenylquinone. Fig. 1 shows the cruves obtained with various doses of Diazo-ICA, indicating the relationship between the dose and the effect on body temperature. The control animals showed no change in body temperature throughout the experiment. When rats were given 3 mg/kg of Diazo-ICA, the body temperature immediately fell, maximal hypo thermia (a fall of 2.5°C) developing within 30 minutes. The temperature rose again in 3.5 to 4 hours to the normal value (about 38.0°C). Doses of 5 mg and 10 mg/kg of Diazo-ICA reduced the body temperature from 38.0'C to 35°C and 34°C respectively, and the effects were compared with that of chlorpromazine. The writhing syndrome was observed during hypothermia induced by Diazo-ICA and disappeared in parallel with recovery of temperature. Diazo-ICA failed to induce hypothermia or the writhing syndrome when administered subcutaneously, orally or intravenously.
Effects of phenylquinone, diazobenzenesulfonamide benzenesulfonate and N-ethylmaleimide on the body temperature of rats The effects of phenylquinone, diazobenzenesulfonamide benzenesulfonate (DBS) and N-ethylmaleimide (EMN) on rectal temperature of rats are shown in Fig. 2 . The ability of another diazonium compound, DBS, to induce hypothermia was also tested and the effect of NEM, an SH-blocker was compared with Diazo-ICA, because Diazo-ICA was found to couple readily with SH compounds (21) . All these drugs were found to induce hypothermia in rats, although their potencies differed.
The fall in rectal temperature follow ing administration of 10 mg/kg of phenyl quinone took approximately 1 hour and recovery took 4 hours. This response was similar to that of Diazo-ICA (5 mg/kg). A small dose of NEM, (1 mg/kg), also con sistently produced hypothermia but DBS was less effective than the other compounds.
All these compounds which reduced the body temperature also always induced hy similar writhing response.
Effect of morphine on D iazo -ICA -induced hypo thermia To see how temperature regulation is affected by injection of Diazo-ICA, experi ments were made on the effects of some analgesics on the observed hypothermia. Aminopyrine alone produced a fall in the rectal temperature of 1.7°C 30 minutes after its subcutaneous administration. Aminopyrine did not prevent Diazo-ICA-induced hypothermia, but acted additively with Diazo-ICA.
A dose of 30 mg/kg SPA caused analgesia in rats but did not affect the rectal tem perature of normal rats. SPA also potentiated the hypothermic effect of Diazo-ICA, rather than preventing it like morphine. At the doses given aminopyrine and SPA, did not antagonize writhing induced by Diazo-ICA.
Propiram fumarate, another type of analgesic agent, at a dose of 70 mg/kg s.c. com pletely prevented Diazo-ICA-induced hypothermia and the writhing response and when given alone had no effect on the body temperature. Effect of reserpine treatment on Diazo-ICA induced hypothermia To elucidate the mechanism of the participation of amine in drug induced writhing and hypothermia, the response of reserpinized rats to Diazo-ICA was ex amined. Results are shown in Fig. 5 . Seven rats were treated subcutaneously with 3 mg/kg of reserpine and 48 hours later (3 mg/kg) Diazo-ICA was given. This re sulted in hypothermia (maximum fall, 1.5°C) with subsequent rapid recovery. However the extent of this hypothermia was about 50% less than that induced by Diazo-ICA in control rats. NEM-induced hypothermia was also much less in reserpinized than normal rats. (Results are not shown in r'ig. ~.)
The writhing syndrome induced by Diazo-ICA and related compounds
The writhing activities of 6 mice induced by Diazo-ICA were observed and the average cumulative number of writhes is plotted against time in Fig. 6 . The writhing response began immediately after the injection of 1 to 5 mg/kg Diazo-ICA and lasted for 30 minutes or more, while the onset of the response with phenylquinone took about 5 minutes and the resulting writhing syndrome lasted for more than 30 minutes. In addition, twisting of the trunk was greater with Diazo-ICA and the abnormal postures were maintained of long periods, (occasio nally for over a minute). A derivative of Diazo-ICA, cysteinyl-Diazo-ICA and the SH blocking agent, NEM were also found to produce remarkable writhing in mice and rats, and as seen in Fig. 6 , all these agents produced writhing immediately after their intraperitoneal injection.
The abilities of non-narcotic and nar cotic analgesics to antagonize the writhing response induced in mice by Diazo-ICA were tested. Using the method of Hender shot et al. (2) These results indicate that both non-narcotic and narcotic analgesics antagonized Diazo-ICA-induced writhing. The non-analgesic agent, reserpine (3 mg/kg) also an tagonized both Diazo-ICA-, and phenylquinone-induced writhing. The average cumula tive number of writhes induced by Diazo-ICA in 15 minutes was 51.0+4.0 in normal mice and 5.2+2.2 in reserpinized mice. Phenylquinone also induced fewer writhing response in reserpine treated mice (7.5+3.6) than in normal animals (48.0+1.2) Development of tolerance to writhing induced by Diazo-ICA and Phenylquinone
It was previously reported that tolerance was induced in animals by repeated ad minitrastion of phenylquinone, acetic acid and all other agents tested except bradykinin (11) (12) (13) . Thus in our experiments, the cumulative number of writhes in 15 minutes, induced by a single injection of phenylquinone was 47.0, while after a second dose 30 minutes after the first, the number was reduced to 11.6 as shown in Table I . Thus toler ance clearly developed on repeated administration of phenylquinone.
On the other hand, after two successive doses of Diazo-ICA the numbers of writhes in 15 minutes were 49.8 and 37.5, respectively, with no obvious development of tolerance.
Cross-tolerance between phenylquinone and acetic acid has also been reported (12) . Diazo-ICA produced many more writhing response (20.0) than phenylquinone (11.6) when administered to mice that had developed tolerance to phenylquinone. These data indicate that little tolerance is developed after repeated administration of Diazo ICA and that it has an effect in mice which have developed tolerance to phenylquinone.
DISCUSSION
The writhing syndrome is produced by various chemical agents in rodents, and sodium iodomethane (3), phenylquinone (1) and acetic acid (14) all elicit typical writh ing syndrome. Recently, it has been reported that various biologically active substances including amines (5, 15) , kinins (11) , oxytocin (16, 17) and ATP (18) also induce the writhing syndrome. However, the mechanisms of action of these agents are unknown. In the present work, we found that diazonium derivatives of 4 (or 5)-aminoimida zole-5 (or 4)-carboxamide (AICA) induced the writhing syndrome and severe hypother mia in rats.
The writhing response after Diazo-ICA injection coincided with the hypothermia and these effects were dose dependent (Fig. 1) .
The hypothermic effect of phenylquinone in mice was first described by Parkes et al. (19) and we observed a similar effect in rats. Although a dose of 3 mg/kg phenyl quinone produced as many writhing as the same dose of Diazo-ICA, it had less hypo thermic effect. The pyretic analgesic, morphine, and the non-pyretic analgesic, propiram fumarate both antagonized Diazo-ICA-induced writhing and hypothermia. These results sug gest that the hypothermic effect of Diazo-ICA in rats is related with its ability to induce writhing. Diazo-ICA and phenylquinone caused writhing and hypothermia when ad ministered intraperitoneally, but not when given by other routes. Therefore, these ef fects developed through irritation of the peritoneal cavity with Diazo-ICA.
Several substances, including histamine, serotonin and bradykinin have been pos tulated as chemical mediators in induction of the writhing syndrome. However, Eck hardt et al. (5) found that histamine and serotonin did not induce writhing in rats.
Histamine and serotonin probably do not directly cause writhing in mice, because (a) the syndrome is not reversed by anti-histamine and anti-serotonin, respectively, (b) compounds which release them do not induce writhing (5), and (c) there is no correla tion between the ability of compounds to induce the writhing syndrome and the change of amine content (12) . Recently, Whittle (11) reported that bradykinin was involved in the induction of writhing and further that writhing was related to an increase in cap illary permeability and release of bradykinin into the peritoneal cavity. On the other hand, Whittle (20) reported that non-narcotic analgesics inhibited both writhing and the increase in capillary permeability, whereas, narcotic analgesics and non-analgesics that inhibited writhing did not inhibit the increase in capillary permeability. Macarage et al. (12) found that the intensity of writhing was not associated with increase in capillary permeability in mice receiving repeated injections of bradykinin.
Unlike serotonin or histamine, Diazo-ICA caused writhing on various animals such as mice, rats and rabbits.
Iwata et al. (21) reported that diazo-ICA coupled with mercaptoamino compounds in biological preparations. Therefore, it is possible that both writhing and hypothermia developed through interaction of Diazo-ICA with biologically active SH-targets . This possibility is supported by the fact that intraperitoneal injection of NEM, a well known SH-blocker, also induced both writhing and hypothermia. Intraperitoneal administ ration of cysteine markedly inhibited writhing and hypothermia induced by Diazo-ICA (unpublished data), whereas, phenylquinone-induced writhing was not suppressed by cysteine. Thus it appears that Diazo-ICA and phenylquinone induced writhing and hypothermia in different ways.
Development of tolerance to phenylquinone was noted by Brittain et al. (13) and Macarage er al. (12) reported cross-tolerance between phenylquinone and acetic acid. Bradykinin was reported to produce an episode of intense writhing, beginning immedi ately after injection of a second dose and has been cited as the only substance that is ac tive on repeated administration (11) . It is noteworthy that a second dose of Diazo-ICA elicited as much writhing as a first dose and that writhing started immediately after its injection into mice which had developed tolerance to phenylquinone ( Table 1) .
The writhing response to phenylquinone developed after a latent period of approxi mately 5 minutes. Whittle (11) also observed a latent period before the start to writh ing on injection of bradykinin into mice. However, a small dose of 1 mg/kg, Diazo ICA, elicited writhing immediately after its administration.
Matsumoto et al. (15) reported that epinephrine-induced writhing may be due to vasoconstriction and involve release of a kinin-like substance. Iwata et al. observed that Diazo-ICA had vasocontractile activity (unpublished data). In the present work, Diazo-ICA-induced writhing was partially inhibited by treatment with 3 mg/kg reserpine 48 hours previously. These facts indicate that Diazo-ICA may induce writhing by re leasing epinephrine. Writhing induced by epinephrine were also reported to develop after a latent period of about 10 minutes. Thus the writhing responses induced by Diazo ICA do not seem to be mediated by release of epinephrine or bradykinin into the peri toneal tissues.
Experments are in progress to see whether the brainstem system postulated by Car roll and Lim (22) is involved in Diazo-ICA-induced writhing.
The importance and usefulness of the writhing test in mice for detecting the ac tivity of weak analgesic agents has been pointed out and the practical application of this test is being investigated by many workers (23) (24) (25) , although the test is said to be non-specific. This report shows that Diazo-ICA has many unique characteristics which require further investigation. SUMMARY 4 (or 5)-Diazoimidazole-5 (or 4)-carboxamide (Diazo-ICA), diazobenzenesulfonamide benzenesulfonate (DBS) and N-ethylmaleimide (NEM) were found to elicit the writhing syndrome accompanied by marked hypothermia in rats and the two responses seemed to be closely related. Morphine and propiram fumarate antagonized both writhing and hypothermia induced by Diazo-ICA. These two responses were also decreased by ad ministration of reserpine 48 hours previously.
Diazo-ICA induced writhing immediately after its intraperitoneal administration and its effect was very similar to that of phenylquinone.
Diazo-ICA was active on repeated administration to mice, unlike other compounds inducing writhing, such as phenylquinone and acetic acid. It seems that the induction of writhing and hypothermia by Diazo-ICA may not be mediated by release of amines or kinins into the peritoneal cavity.
